Summary.
A new monoclonal antibody (JK-199) was found to react with basement membranes on paraffinembedded tissue sections without prior enzyme digestion. JK-199 was shown to react with isolated type IV collagen treated by any of four different fixatives -PLP, 4% formalin, modified Zamboni's (0.2% picric acid, 4% paraformaldehyde in 0.1M phosphate buffer, pH 7.4) or Bouin's-applied for 6h at room temperature and incubated at 600C for 30min to simulate routine tissue processing. None of the fixatives was able to alter the reactivity of JK-199 with isolated type IV collagen. In the human placenta, specific and intense staining of basement membranes was demonstrated on paraffin sections fixed with any of the four fixatives. In human skin, basement membranes were fully demonstrated on paraffin sections fixed by PLP fixative or by 4% formalin, but only partially on sections fixed by picric acidcontaining fixatives. Optimal results, i.e., with the least non-specific or incomplete staining, were obtained on PLP-fixed paraffin-embedded tissues.
In PLP-fixed paraffin sections of the kidney, skeletal muscle, and small intestine, all basement membranes were stained intensely by this antibody at the expected locations. The results indicate that JK-199 may be widely applicable for the analysis of basement membrane kinetics, including developmental precesses or pathological conditions. Routine staining methods, such as silver impregnation or Periodic Acid Schiff (PAS) technique, have been used for the histological demonstration of basement membranes during developmental processes or in pathological states (VRACKO, 1974; GOULD and BATTIFORA, 1976; KEFALIDES et al., 1979; ALBRECHT-SEN et al., 1981; BARSKY et al., 1983; HARDY and GOLDBERG, 1983; MIETTINEN et al., 1983; SANDERS, 1983; VELDE et al., 1985) . By comparison, an immunohistochemical staining seems to be more specific. However, satisfactory stainings are often obtained only on frozen sections, and frozen tissues are more difficult to preserve than paraffin-embedded ones. Usually, histological preparations stored in laboratories are those fixed by f ormalin and embedded in paraffin. If immunohistochemical staining is possible on paraffin sections, a more detailed morphological resolution will be obtainable and the further study of already stored paraffin embedded tissues will be possible.
For this reason, many polyclonal and monoclonal antibodies against basement membrane components have been applied to paraffin sections (EKBOLM et al., 1982; SAKAI et al., 1982; BARSKY et al., 1983; SCHEIN -MAN and TSAI, 1984; OGAWA et al., 1986; HARVENITH et al., 1987; LEU and DAMJANOV, 1988; MORAN et al., 1988) . The antibodies tried so far against type IV collagen, however, have required the proteolytic enzyme digestion of sections prior to immunoperoxidase staining, to reveal epitopes of collagens which may have been masked by tissue processing, and simultaneously to preserve the epitopes which are generally rather resistant to the attack of proteolytic enzymes.
Various fixatives chemically modify tissue components, including type IV collagen, possibly with a concomitant decrease in reactivity. Antigenicity may be recovered to some extent by enzyme digestion. For detailed examination, however, it would be better to avoid the enzymatic treatment, since it causes the destruction of tissue. It also gives rise to another technical problem, namely in that enzyme-treated tissue sections easily detach from glass slides during 477 immunostaining procedures. A more serious problem is that the loss of type IV collagen brought about by the enzymatic treatment can not be estimated prior to immunohistochemical staining. Even if proteolytic treatment can be minimized, it would be best if epitopes on paraffin sections could be demonstrated without it.
In this paper, we report on a staining procedure of type IV collagen on paraffin-embedded tissue sections without prior enzyme digestion, using a newly obtained monoclonal antibody (JK-199) against human type IV collagen.
MATERIALS AND METHODS

Tissue preparation
Normal human tissues (skin, kidney, small intestine, and skeletal muscle) were obtained from autopsy samples. Fulll term human placentas were obtained after delivery. Tissue blocks (ca 1cm3) were fixed at 40C for 6-12h in the following fixatives: 1) PLP fixative: periodate-lysine-paraformaldehyde solution according to MACLEAN and NAKANE (1974) ; 2) 4% formalin: a mixture solution of 10ml 37% formaldehyde solution and 90ml distilled water; 3) modified Zamboni's fixative: 0.2% picric acid, 4% paraf ormaldehyde in 0.1M phosphate buffer (pH 7.4); and 4) Bouin's fixative: a mixture solution of 15 ml saturated picric acid, 5ml 37% formaldehyde, and 1 ml glacial acetic acid.
After fixation, the tissues were washed with distilled water, dehydrated with a graded series of ethanol, and embedded in paraffin (Histosec; Merck Co. Ltd. F. R. Germany, solidification point 56-580C) through two changes of xylene. Paraffin sections were cut at 8-10um thickness. The sections were deparaffinized with xylene and placed in cold (40C) acetone for 30-60 sec to remove xylene for immunostaining.
Isolation of type IV collagen from human placentas
Type IV collagen was prepared from human placentas as described elsewhere (KING et al., 1988) . Briefly, human placentas were minced with a Polytron homogenizer, and the minced tissues were then washed with 0.02M Na2HPO4. They were suspended in 0.5M acetic acid at 40C overnight, followed by treatment with pepsin (10ml/l) at 200C for 3 days. The type IV collagen-enriched fraction was obtained by differential salt fractionations (MILLER and RHODES, 1982) .
The fraction was dialysed against 3M urea in 0.06M phosphate buffer, pH 6.3. The solution was chromatographed on phosphocellulose column. The flow-through fractions were collected and dialyzed against distilled water at 40C. The dialysate was spun down and the sediments were lyophilized. Purified type IV collagen was dissolved (1mg/ml) in 0.05 M acetic acid and then mixed with a hundred fold volume of 20mM carbonate buffer (pH 9.0) for further analysis by ELISA.
Fixation of isolated type IV collagen
A new monoclonal antibody (JK-199) against human type IV collagen was purchased from Dia-Iatron Co., Tokyo Japan. Isolated type IV collagen was treated with fixatives, and reactivity with the monoclonal antibody, JK-199, was examined by ELISA using Hybridoma Screening Kit (KPL Lab.). One hundred microliters of purified human type IV collagen (10 ug/ml) in 20mM sodium carbonate buffer (pH 9.0) was incubated on each of 4 ELISA microtiter wells overnight at 40C. After washing the plate with PBS containing 0.05% Tween 20 (PBS-Tween), PLP fixative, modified Zamboni's fixative, 4% formalin, or Bouin's fixative was added and the plate was incubated at room temperature for 6 hrs. Each microplate well was washed twice with PBS, and incubated overnight with PBS containing 4% glycine at 40C. After twice washing with PBS, the plate was incubated at 600C for 30 min. A culture medium, JK-199 or SP2/0 (negative control), was added and the plate was incubated at room temperature for 1hr. The wells were washed three times with PBS-Tween, and 50ul of 1: 100 diluted goat anti-mouse IgG coupled with horseradish-peroxidase in PBS-Tween was added. After incubation for 1h at room temperature, the wells were washed three times with PBS-Tween, and 50 p 1 of a substrate, 0.1mg/ml ABTS (2, 2'-azinodi-(3-ethyl-benzthiazoline sulfate) in 0.1M citrate phosphate buffer, pH 4.8, containing 0.015% H202 was added. The absorbance at 405 nm was recorded after incubation for 30 min.
Immunostaining
Steps in staining of rehydrated sections using Vectastain ABC Kit (Vector Lab., Burlingame) were as follows: 1) Incubation with diluted normal horse serum (1: 4) for 30 min to block nonspecific reactions; 2) incubation with mouse monoclonal anti-type IV collagen IgG2a (culture supernatant of JK-199, ca 10 p g/ml) for 1h at room temperature; 3) incubation with biotinylated anti-mouse IgG (ca 7ug/ml) for 1h at room temperature; 4) incubation with avidinbiotin-peroxidase complex (GUESDON et al., 1979; Hsu et al., 1981; MARTY et al., 1982) for 1 h at room temperature; 5) placement in 0.02% 3, 3' diaminobenzidine (Sigma Chemical Company, St. Lous, Missouri) and 0.3% nickel ammonium sulfate in 50 mM TrisHCl buffer (pH 7.4) for 20 min to augment the intensity of the staining; 6) color development by immersion in the DAB solution (above, step 5.) containing 0.005% H2O2 for 5 min at room temperature; 7) counterstaining of sections with hematoxylin; 8) dehydration in graded series of ethanol, followed by soaking in xylene and coverslipping with HSR solution (The Green Cross Co. Ltd., Osaka); and 9) examination and photography with a light microscope (Olympus Co. Ltd., Tokyo).
Negative controls were treated in the same manner except that normal mouse IgG (ca. 25pg/ml) diluted by parental myeloma cell (SP2/O) culture supernatant was substituted for the monoclonal anti-type IV collagen IgG, JK-199. Sections were incubated at room temperature in a humidified chamber. They were washed three times in PBS for 15 min at each step.
RESULTS
Influence of fixatives on the antigenicity of type IV collagen isolated and in tissues
The results in isolated type IV collagen are summarized in Table 1 . From the ELISA screening, treatment with each of the 4 fixatives produced no change in reactivity with the antibody. The fixatives did not give rise to non-specific binding.
The results in type IV collagen in tissues are summarized in Table 2 . In human skin, positive staining of the epidermal-dermal junction and of the basement membrane of blood vessels was obtained on paraffin sections with PLP fixative (Fig. la) , and with 4% formalin (Fig, lb) . No positive staining was obtained with modified Zamboni's fixative (Fig. lc) or Bouin's fixative (data not shown). In the subcutaneous tissues, however, the staining of basement membranes of blood vessels and peripheral nerves was obtained with any of the fixatives examined (data not shown). In the human placenta also, positive staining was obtained on paraffin sections with any of the fixatives examined (Fig. 2) . Basement membranes of trophoblasts and villar blood vessels were stained intensely (Fig. 2) . Occasionally, fine granular deposits were seen in the stroma of placental villi fixed by modified Zamboni's (data not shown) or Bouin's fluid (Fig. 2c) . Optimal results, i.e., the strongest reaction and least non-specific reaction, were obtained on PLP fixed, paraffin-embedded tissue sections. The staining pattern was specific because normal mouse IgG produced no deposits at all on paraffin sections.
Immunohistological staining of human tissues
In the kidney, all basement membranes (i.e., glomerular, tubular and vascular) were specifically and intensely stained (Fig. 3a) . In the skeletal muscle, basement membranes of muscle fibers were intensely stained (Fig. 3b) , and also those of blood vessels (data not shown). In the small intestine (jejunum), basement membranes of columnar epithelia and of blood vessels in villi were intensely stained (Fig. 3c) , as well as those of the smooth muscles (data not shown). In all tissues so far examined, we found the specific staining of type IV collagen in all kinds of basement membranes by this antibody (JK-199) at expected locations on paraffin sections. Tables 1 and 2 . Influence of fixation and paraffin embedding on the immunoreactivity of type IV collagen In tissues *Epidermal-dermal junction **only basement membranes in the tela subcutanea were stained specifically and intensely. Type IV collagen forms a three dimensional scaffold (TIMPL et al., 1981; KLEINMAN et al., 1983; YURCHEN -CO and FURTHMAYR, 1984; YURCHENCO and RUBEN, 1987) , and is an indispensable component of basement membranes (KEFALIDES et al., 1979; BENDER et al., 1981; TIMPL and MARTIN, 1982; ABRAHAMSON, 1986; BLOOM and FAWCETT, 1986) . It may be heat-denatured during the paraffin embedding process (melting point of paraffin reaches 560C), nevertheless it reacts with JK-199, even after it is thermally denatured ( Table 1; KING et al., 1988) and after it is treated with any of four kinds of fixative. In tissues also, type IV collagen reacted with JK-199 when treated with any of four kinds of fixative. Fine granular deposits occasionally found in the stroma of placental villi fixed by picric acid-containing fixatives might be due to non-specific reaction by hydrophobic interactions.
However, in view of the report by CHEN and LITTLE (1985) that embryonic mesenchymal cells can produce fibers of type IV collagen without a sheet-like arrangement, it is not completely impossible that the deposits in the stroma of placental villi can be due to a reaction of JK-199 antibody with type IV collagen in a form of nonbasement membrane aggregate. This is because the placenta is essentially a embryonic tissue. Only in human skin, especially in the dermis, were basement membranes not stained when tissues were fixed by fixatives containing picric acid. Picric acid-containing fixatives may modify some component structures in the connective tissue so that some epitopes of type IV collagen are masked. The acetone treatment prior to the application of the antibody was effective for revealing basement membranes in certain tissues. For example, in the small intestine a delicate basement membrane underneath the columnar epithelia was demonstrated after 30-60 sec acetone treatment, where possibly lipids or some materials soluble in acetone had covered the epitope of the type IV collagen during the paraffin embedding procedure. The staining with JK-199 produced patterns in paraffinembedded tissue sections similar, if not identical, to those in unfixed or PLP fixed frozen sections. We prefer PLP fixative, or 4% formalin, for the immunostaining of basement membranes on paraffin sections since other fixatives tend to produce a non-specific reaction and loss of reactivity (KING et al., 1988) .
In conclusion, our procedure utilizing the monoclonal antibody, JK-199, provides a highly reproducible immunostaining pattern for the detection of type IV collagen on paraffin sections of various tissues without prior enzyme treatment. It may therefore be useful for detecting type IV collagen in tissues used in embryonic and histopathological studies.
